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PURIFICATION METHODS 

The present invention relates to novel processes for the purification of 
5 radiolabeled tracers, in particular for purification of 18 F- and 11 C-labelled 
compounds which may be suitable for use as Positron Emission Tomography 
(PET) radiotracers or for radio-iodinated compounds which may be suitable for 
use in PET or SPECT imaging. 

10 Radiosynthesis of compounds of clinical interest often employs non-radioactive 
organic precursors in amounts which are in large excess relative to the amount of 
radiolabelling agent used. Excess precursors must be removed from the reaction 
mixture before the radiolabelled compound can be used clinically, this is 
conventionally done by a chromatographic procedure such as high performance 

15 liquid chromatography (HPLC). Given the limited half-life of most clinically useful 
radioisotopes, it is desirable to complete the radiosynthesis and purification as 
rapidly as possible. For example, 18 F has a half-life of 110 minutes and 18 F- 
labelled tracers for PET are therefore synthesised and purified within one hour of 
clinical use. Therefore, there exists a need for purification techniques which are 

20 rapid and efficient. 

The present invention provides processes for separating radiolabelled compounds 
from their precursors rapidly and chemoselectively. 

25 According to a general aspect of the invention, there is provided a process for 
purifying a radiolabelled product which comprises use of a solid-support bound 
scavenger group of formula (IV): 



Z-Linker 




30 wherein Z is a scavenger group and SP is a solid support. 

In a further aspect of the invention, there is provided a process comprising the 
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steps of: 

(a) contacting a solution-phase mixture of a radiolabeled 
and excess precursor of formula (I): 



product of formula (III) 



vector — xy 



Precursor 
(I) 



vector 




R* 







Radiolabeled Product 

(m) 



wherein XY is a functional group and R* is a radinknt^o« ^ . * 
... a »* dna « is a radioisotope or radiolabeled portion- 

with a compound of formula (IV)- M ' 



Z-Linker 




(IV) 



10 



15 



wherein Z is a scavenger group; 

each I" COmP ° UndS ° f f0rmU ' ae ( ' V) ^ ( ° ^ f ° m 3 C ° Va,ent bond to 



(b) separation of purified radiolabeled product of formula 
phase. 



(Ill) in the solution 



20 



25 



Surtabiy the radiolabeled product of formu.a („„ an "F-iabe. and .s for 

S^W*™****. ([ 18 F]-FLT), 2K1,1^cyanopropen- 2 - yl) .^ 
f.uo ro e«, y „. m e tt , yl a m ,no).nap h « h a,en e ([ 18 FJ-FDDNP), 2 , 5 ., and l n J a 

ny, m e«hoxy) Py ,idines. N-suceinintidyM-fJ Wbenzoafe (["FJ-SFB, a „ 
add CA a cTr Cid r r 38 [, ^ 1 -- i "^-ocyc l o bUte ne.1^ rt) o! (yllo 
,ml , T " 1 ^ ,abe " ed benzothi ^ -ch as those desenbed in 
nfamabona. paten, appiication WO 02/16333. [ 18 F]CFT, [ 1e F]FETNIM, 

sTZr e ' a ^- ,abe " edPep,idefor -'" ~ana,o g ue,s U o 
as octreobde. bon,bes,n, vasoaotive intestine, peptide, chemotactic peptide 
analogues, a-nteianooyie seating hormone, neurotensin. Arg-Giy-Asp ^ptide 
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and its analogues, human pro-insulin connecting peptide, endothelin, angiotensin 
and formyl-norleucyl-leucyl-phenylalanyl-norieucyl-tyrosyHysine, suitably Arg-Gly- 
Asp peptide and its analogues, such as those described in international patent 
applications WO 01/77415 and WO 03/006491, or a protected derivative of any 
5 thereof. 

Alternatively, the radiolabelled product of formula (III) contains a 11 C-label and is , 
for example, [ 11 C]raclopride, [ 11 C-carboxyl]L-DOPA, [ 11 C-carboxyl]5- 
hydroxytryptophan, [ 11 C]-WAY-1 00635, [ 11 C]-deprenyl, [ 11 C]phenylephrine, 

10 [ 11 C]FLB457, [ 11 C]SCH23390, [ 11 C]SCH39166, [ 11 C]-NNC112, [ 11 C]NNC756, 
[ 11 C]MDU1 00907, [ 11 C]DSAB, [ 11 C]PK11195, [ 11 C]GR205171, [ 11 C]RTI-32, 
[ 11 C]CIT, [ 11 C]CFT, [ 11 C]flumazenil, [ 11 C]-diprenorphlne, [ 11 C]-metomidate, 
[ 11 C]SCH442416, [ 11 C]carfentanil, or a 11 C-labelled benzothiazole such as those 
described in international patent application WO 02/16333, or a protected 

15 derivative of any thereof . 

Alternatively, the radiolabelled product of formula (III) contains a radioiodine label, 
and is for example, 2-beta-carbomethoxy-3-beta-(4-iodophenyl)-8-(3-fluoropropyl)- 
nortropane or a protected derivative thereof. 

20 

The radiolabelled product of formula (III) comprises a vector portion being a 
molecular fragment having with an affinity for a given biological target (such as a 

modified drug pharmacaphore or peptide) and a radioisotope or radiolabelled 

portion represented by R*. 

25 

The precursor of formula (I) comprises the same vector portion as the 
radiolabelled product of formula (III) but bears a functional group -XY as 
described below. 

30 Many radiosyntheses involve radioalkylation such as [ 11 C]alkylation, or 
radiohalogenation such as [ 18 F]fluorination or [ 18 F]fluoroalkylation, of precursors of 
formula (I). Treatment of the precursor with a radioisotope or radiolabelling agent 
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10 thiol 



o formu a l giV es rise ,o a mixture containing «he desired radiolabeled product » 
of fon.u a Mi) and excess unreacfed precursor of ,ormu.a (,). The precursor of 

rr h r °° ntains a ,unc,tonai 9r ° up - w WW0h iS ^ *«o*Q 

wrth the rad,o,sotope or radiolabelling agent of formu.a („) shown In scheme f 
The functona, group -XY is suKably a leaving group such as a su.phonate ester 
preferably the mesy., tosyl, nosy, or is a trimethyiammoniurn salt or is a functional 

ETT.T ^ SKe - SPeCmCa " y Wi,h a « labelling agento, 
formula (I.) to form a stable covalent bond and is preferably chosen torn the 
groups adehydes, ketones, aminooxy, hydrates, hydrazines, a.pha*ha,oacety. or 



in the compound offormula (IV). the scavenger group Z is suitably an isocyanate 
■sothrocyanate. thiol, hydrazine, hydraade. aminooxy. aidehyde or ketone ' 



15 Scheme 1 
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In the compounds of formulae (IV) and in the following more specific aspects of 
the invention, the "Linker" may be any suitable organic group which serves to 
space the scavenger group 2 sufficiently from the solid support structure so as to 
maximise reactivity. Suitably, the Linker comprises zero to four aryl groups 
5 (suitably phenyl) and/ or a alkyl or haloalkyl (suitably fluoroalkyl), and 
optionally one to four additional functional groups such as an amide or 
sulphonamide groups. In a preferred embodiment the linker is a polyethylene 
glycol containing moiety. 

10 Compounds of formula (IV) may be prepared by methods known to the person 
skilled in the art, or are available commercially, for example from Novabiochem. 

In a further aspect of the invention, there is provided a process comprising the 
steps of: 

(a) contacting a solution-phase mixture of a radiolabelled product of formula (Ilia) 
and excess precursor of formula (la): 



15 



vector 



NHR 1 



precursor 



vector 



-NR 1 R* 



✓ To x Radiolabelled Product 

(Ia) OHa) 



wherein R 1 is C M alkyl and R* is [ 11 C]-C^alkyl, such as - 11 CH 3 
20 with a compound of formula (IVa): 



R2=c=N-Linker — (|Va) 
wherein R 2 is oxygen or sulphur 

such that the compounds of formulae (IVa) and (la) may form a covalent bond to 
25 each other; and 

(b) separation of purified radiolabelled product of formula (Ilia) in the solution 
phase. 
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5 



20 




Vector -NR'C(R*)NH_ 

* 

Z£r R * are 38 deflned ,or the * « - (-) 



to 80 C and us,ng an ,ne„ solven, such as xylene. N.N^efnylfon.anJe (DMF) 



or chloroform. 



SUTT ° f * 8 °° mPOUnd ° f formU,a <'»*> te — * a "C- 

is ?f ?r* aminesuchasi ^^ 

15 (2-dimethylamino-ethyl)-amide rM 11 r > mo »k iu- . ^rooxync acid 

f 11 C]DASB and th« C - met hyl]d,methylphenethylamine, or 

l ojuAbB, and the precursor of formula Ha^ i<* th* ~* 



(a) coning a solution-phase m ««ure of a ra dio,aba„ad product of formula <l„b) 
and excess precursor of formula (lb): 1 ' 



25 
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vector — f— x b Y*> 



vector 



— R' b 



(lb) 

wherein either 



(1Mb) 



R is d. 15 alkyl or d. 10 alkylaryl and R 3 is optionally substituted by halo (preferably 



ft 



fiuoro), for example R 3 is methyl, para-toluene, trifluoromethyl, and R* b in the 
compound of formula (1Mb) is a radiohalogen such as radiofluoro (for example 18 F) 
or radioiodo (such as 123 l, 124 |, or 125 l); or 

5 (ii) the functional group -XV in the compound of formula (lb) is -C(0)CH 2 CI and 
R* b in the compound of formula (llib) is-S-L b - n F wherein L b is a d* hydrocarbyl 
linker group optionally including 1 to 10 heteroatoms;and 
n F is a radioisotope of fluorine such as 18 F; 

l o with a compound of formula (I Vb): 

R 4 — S— Linker 

(IVb) 

wherein R 4 is hydrogen or a thiol protecting group; 




15 



such that the compounds of formulae (IVb) and (lb) may form a covalent bond to 
each other; 

(b) separation of purified radiolabeled product of formula (lllb) in the solution 
20 phase. 

The compounds of formula (IVb) and (lb) react to form the corresponding 
compound of formula (Vbi or Vbii): 



vector ' S — Link. 

(Vbi) 




vector 




S— Li 
(Vbii) 




25 
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Z T , ProCeSS USin9 " C ° mPOUnd ° f fomU,a < IVb > ™* b ° Permed a, 

. DMSO, acetonrtrile or chloroform. Preferably the sCven, is an aqueous buffed 
5 am,xture of acetonitrile and water or alcohol and water. 

^ *~ ' S ProVWed 3 ~ -P«n g ft. 

10 lltT 1 '" 9 8 SOlU,i0 "- phaSe mMure <«* labelled product o,formu.a (H.c) 
10 and excess precursor ot formula (le): «**vnc) 



vector 



Z}" XcYe Hector [ - 



(,C) (lllc) 



or ketone an I R m «, e of formu|a fe ^ 

C,.„ alkyl or C 7 ., 5 aryl. with a compound of formula (IVc): 



20 



Linker 
(IVc) 




21" r ■ " ,r ° m ~ NH2 - aminooxy 

phenylhydra 2 ,nes,semlca*azide,orthlosemicarba 2 ide- 

^separation of punfled ra dio,abe„ed product of ,ormu,a (l „c, in the solution 

30 ZlTTT ° f " ( ' VC) a " d (,0) ^ ,0 f0m «» corresponding 
3 o compound of formula (Vc): a 
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vector 



-j=N-B— Linker 




(Vc) 

wherein A is hydrogen, Chalky! or aryl (such as phenyl) and B is-CO-NH-, -NH-, - 
O-, -NHCONH-, or -NHCSNH-. 

In this aspect of the invention, compounds of the formula (lie) have the formula 
NH2-W-Linker-F where W is as described previously and F is preferably 18 F and 
the compound of formula (lllc) is suitably a 18 F-labelled compound such as a 
peptide or drug substance and the precursor of formula (Ic) is the corresponding 
aldehyde or ketone. 

The purification process using a compound of formula (IVc) may be performed at 
a non-extreme temperature such as 1 0 to 1 20° C, suitably at ambient temperature 
to 80°C and using an inert solvent such as xylene, N,N-dimethylformamide (DMF) 
. DMSO, acetonitrile or chloroform. Preferably the solvent is an aqueous buffer or 
a mixture of acetonitrile: water or alcohol and water. 

In a further embodiment of this aspect of the invention, the functional group -X'Y 0 
in the compound of formula (Ic) is -OS0 2 R 3 wherein R 3 is d. 15 alkyl or C*. 10 
alkylaryl and R 3 is optionally substituted by halo (preferably fluoro), for example R 3 
is methyl, para-toluene, trifluoromethyl; and the purification is effected using a 
compound of formula (IVci) : 

NH 2 -W-Linker 

(IVci) 

where W Is selected from C alkyl or C 7 . 15 aryl, -NH-, -NH-CO- or -O- and 
the linker is as described previously such that compounds of formula (Ic) and 
(IVci) form a covalent bond to each other. 

The compounds of formula (IVci) and (Ic) react to form the corresponding 
compound of formula (Vci): 
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vector 



"=N-W — Linker 




wherein W is as defined for the compound of formula (IVci) 
In a further aspect of the invention, there is provided 



(Vci) 



5 steps of: 



a process comprising the 



(a) contacting a so.ution-phase mixture of a radiolabeled product of formula („,d) 
and excess precursor of formula (Id): ' 



10 



vector _ 



vector 



(Id) 



-R*d 



(Hid) 



M~ 1 d C ° mPPUnd °' ,0rmU ' a (W) fe a " am,ne ' 

hyd raz ,ne. hydraz.de . aminooxy. phenylhydrazine. or semicarbazide 

miosermcarbazide group and R* d in the compound of formuta (ll(d) te ' 

15 izr ,he iinker an -* a * - *- 



with a compound of formula (IVd): 



20 




2 d -Linker 

(IVd) 

wherein 2" is selected from aldehydes or ketone; 

such that the compounds of formulae (IVd) and (Id) may form 

each other; and 



a covalent bond to 



25 



(^separation of purified radiotabeiled product of tormuta (.Ud, tn the solution 



The compounds of formula (W) and (iVd)reao. tog iva compounds of fonnuiatVd): 
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vector — B— N=rj — Linker 



(J) 



(Vd) 

wherein A is hydrogen, C^alkyl or aryl (such as phenyl) and B is-CO-NH-, -NH-, 
-O-, -NHCONH-, or -NHCSNH-. 

5 

The purification process using a compound of formula (IVd) may be performed at 
a non-extreme temperature such as 10 to 120°C, suitably at ambient temperature 
to 80°C and using an inert solvent such as xylene, N, N-dimethylformamide (DMF) 
, DMSO, acetonitrile or chloroform. Preferably the solvent is an aqueous buffer or 
10 a mixture of acetonitrile and water or alcohol and water. 

In this aspect of the invention, the compound of formula (Hid) is suitably a 

18 

F-labelled compound such as a peptide or drug and the precursor of formula (Id) 
is suitably a modified peptide or drug carrying an aminooxy (NH 2 -0-), hydrazide or 
15 hydrazine moiety. 

In a further aspect of the invention, the compounds of formula (IV) may also be 
used to react covalently with any unreacted radiolabelling agent of formula (II) as 
shown in scheme 2 to give compounds of formula (VI). This purification process 
2 o may be used instead of, or in addition to, processes described herein for removal 
of excess precursor. 
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Scheme II 

Thus, for example: 



R radioisotope or radiolabclling agent 
XY - functional groupY - leaving group 
* « scavenger group, selective for XY 



compounds of formute (IVd) may facilitate renTO va. of unreacted radfolabellino 



10 



R * M/V-N= — Linker 




(IVd) 



compounds of formu.a (IVc) may facilitate remova, of unreacted radio,abe.ing 
xs S3 ^ a,deMe ° r ket ° ne — * a compound of 
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R* |=N-B (^SP) 

A (Vic) 
wherein A and B are as defined for the compound of formula (Vc). 

In a further embodiment of this aspect of the invention, a compound of formula 
5 (IVe) 



15 



Z e - Linker 




(IVe) 



may be used wherein Z 6 is CI-CH 2 -CO- or another haloacetyl containing moiety. 
Separation of unreacted radiolabelling agent containing a thiol moiety of formula 
10 (II) from a reaction mixture results in compound of formula (Vie). 




R* — S — "Unker- 

(Vle) 

The invention will now be illustrated by way of the following non-limiting examples. 



Examples 

Example 1 Use of an isocva nate resin for purification of a 11 C-tracer 
In both cases isocyanate resin was conditioned, using the same solvent as that 
from which precursor was to be extracted. Extraction efficiency was determined 
20 using HPLC . For studies using non-radioactive standard solutions, xylene 
was used as a control such that adjustments could be made for non-specific 
extraction and solvent loss. 



Example 1(a) In situ res in conditioning and solid phase extraction (SPE) at 
25 elevated temperatures 



A cartridge (internal volume 0.067 ml) made of 3.2 mm (1/8") o.d. steel tubing 
and circular frits was charged with 25 mg of dry isocyanate functionalised 
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10 



15 



=N-B (sp) 



(Vic) 



wherein A and B are as defined for the compound of formula (Vc). 
.-further embodiment of this aspect of the invention, a compound of formula 



20 



Z*-Unker 




(IVe) 



si!,, , ' S C '" CH2 - CO - ° r ano,her hatoac ^ *» moiety 

nnZ radi0,abe " in9 a9ent °"***« a « JZI' 

(10 from a react™ mixture results in compound of formula (V,e) 



Linker 




(Vie) 



The invention wi„ now be illustrated by way of the following non-limiting example, 
Exam ples 

Ex ampte 1 l)sftnf ^ssmm^musLm mm n^^, 

lm IT" iSOCyanate ^ ^ C ° ndi,i0ned ' USi " 9 ,he same -'vent as mat 

Z IT! 7 to te ex,rac,ed - Extractton efficie ^ - — * 

us.ngHPLC. For stud.es using non-radioactive standard solutions xylene 
was used as a contro, sue, ma, adjustments could be made for no L^c 
extraction and solvent loss. specific 



25 



S ample 1fa) ,„ m resln ^h,,,^^ 

elevated t«n P ^,„, graenpn (SPF) at 



A cartridge (internal volume 0.067 ml) made of 3.2 mm (1/8-) o d steel tubinn 
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polystyrene resin (Novabiochem). Solvent ca 5 ml (DCM, DMF or DMSO) was 
then passed through the cartridge and excess solvent removed with 
compressed air. For studies at elevated temperature a two-piece heater block, 
thermocouple and band heater were fitted around the cartridge and the entire 
assembly left ca 10 min to thermally equilibrate. 500 \i\ of solution containing 
precursor 2-Pyridin-4-yl-quinoline-8-carboxylic acid (2-methylamino-ethyl)- 
amide 0.5 mg and Xylene 1.3 mg were then passed through the cartridge using 
a syringe drive. 

10 Example Kb) SPE with external resin conditioning 

For external conditioning 300 mg of isocyanate resin (Novabiochem) was 
suspended in excess solvent ca 9 ml for ca 5 min. The conditioned resin slurry 
was then loaded onto a 0.8 ml volume cartridge made of 6 mm (2/8") steel 
15 tubing. Excess solvent was removed with compressed air. Precursor solutions 
300 pi or reaction mixture from automated preps 300 jil were passed through 
the cartridge using a syringe drive. A 1 ml syringe gave flow rates of 0.4 ml 
min" 1 , equating to a contact time ca 2 min. 

20 Example 1(c) SPE puri fication of f 11 C-CH, 1 2-Pvridin-4-vl-auinoline-8-carboxvlic 
acid (2-dimethv lamino-ethvlVamide reaction mixtures 

Following [ 11 C]radiolabelling, 300^1 of the resulting reaction mixture was 
drawn up from the reaction vial and dispensed (using a syringe drive) at a flow 
25 of 444|il min" 1 through one of the conditioned isocyanate resin cartridges 

detailed in Examples 1(a) and 1(b). The cartridge was then flushed with 500jd 
of solvent and the combined solutions analysed be HPLC. 



-15- 



PH0423 



Claims 



1. A P<°™ P u^ 
5 support bound scavenger group of formula (IV): 

Z-Linker-^ 

wherein 2 Is a scavenger group and SP is a solid support. 

10 2. A process comprising the steps of: 

(a) contacting a aCutfon-phase mixture of a radiolabeled product of formula (,.,) 
and excess precursor of formula (I): 



vector — xy 



Precursor 



vector 









Radiolabelled Product 
W (HI) 




(IV) 



is wherein XY is a functional group and R* is a radioisotope or radiolabeled portion- 
with a compound of formula (IV): 

Z-Linker 

2 0 wherein Z is a scavenger group; 

is iir compounds of formu,ae ov) and ( " may ,orm a cova,en, ^ ,o 

25 phar aratl ° n °' PUrifled radi °' abel,ed Pr0dUCt ° f » ('") <" the solution 
3. A process according to claim 1 or 2 wherein the scavenger group Z is an 
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isocyanate, isothiocyanate, thiol, hydrazine, hydrazide, aminooxy, aldehyde or 
ketone. 



4. A process according to any of claims 1 to 3 comprising the steps of: 

(a) contacting a solution-phase mixture of a radiolabelled product of formula (Ilia) 

and excess precursor of formula (la): 



vector 



NHR 1 



precursor 
(la) 



vector 



Radiolabelled Product 

(nia) 



wherein R 1 is alkyl and R* is [ 11 C]-C^alkyl, such as - 11 CH 3 
10 with a compound of formula (IVa): 



•NR 1 R* 



15 



R2=c=N-Linker 




(IVa) 



wherein R 2 is oxygen or sulphur 

such that the compounds of formulae (IVa) and (la) may form a covalent bond to 
each other; and 



(b) separation of purified radiolabelled product of formula (Ilia) in the solution 
phase. 
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5. A process according to any of claims 1 to 3 comprising the steps of: 

(a) contacting a solution-phase mixture of a radiolabelled product of formula (lllb) 

and excess precursor of formula (lb): 



vector 



-X b Y" 



vector 



-R' b 



25 (lb) (lllb) 

wherein either 

(i) the functional group -X b Y b in the compound of formula (lb) is -OS0 2 R 3 wherein 
R 3 is d. 1s alkyl or d. 10 alkylaryl and R 3 is optionally substituted by halo (preferably 
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PH0423 



fluoro), for example R 3 „ methyI> para . toIuene> trifIuoro gnd R . b 

compound of formula („,b) is a radiohalogen such as radiofluoro (for examp, e «F) 
orradioiodo(suchas 123 |, 124 |,or 125 |);or 

5 (n) the functiona, group -XV h the compound of formu.a (,b) is -C(0)CH 2 C, and 
R • .the compound of formula (,.,b) is -S-L b - n F wherein L> is a Cl , 0 hydrocarby, 
linker group opt.onally including 1 to 10 heteroatoms;* 
n F is a radioisotope of fluorine such as 18 F; 



15 



;and 



io with a compound of formula (IVb): 

R 4 — S— Linker 

^™ (IVb) 

wherein R 4 is hydrogen or a thiol protecting group; 




each Ithir C ° mPOUndS ^ formU ' ae ° Vb) ( ' b) ^ f ° rm 3 C ° Va,ent b ° nd to 
20 Zr arati ° n ^ radl0 ' abe,,ed Pr ° dUCt ° f f ° rmU,a « in *• s°™on 



6 A process according to any of claims 1 to 3 comprising the steps of 
25 < a) C ° ntacti "9 a scution-phase mixture of a radlo.abel.ed product of formu.a (,„c) 
25 and excess precursor of formula (Ic): 



ve cto r 



x <=Y« 



ve cto r 



(Ic) 



J — R*« 



(lllc) 



30 whe -inthefunctiona,group^inthecompoundofformula(lc)isanaldehyde 
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or ketone and R* c in the compound of formula (lllc) Is =N-W-Linker-F where W is 
Ci; 15 alkyl or C7.15 aryl, with a compound of formula (IVc): 



Z c -Linker 

(IVc) 




wherein Z c is selected from -NH 2 , hydrazine, hydrazide, aminooxy, 
phenylhydrazines, semicarbazide, or thiosemicarbazide; 
such that the compounds of formulae (IVc) and (Ic) may form a covalent bond to 
10 each other; and 



15 
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(b) separation of purified radiolabeled product of formula (lllc) in the solution 
phase. 

7. A process according to claim 6 wherein the functional group -XY in the 
compound of formula (Ic) is -OS0 2 R 3 wherein R 3 is Cl . 15 alkyl or Cl . 10 alkylaryl and 
R is optionally substituted by halo (preferably fluoro), for example R 3 is methyl, 
para-toluene, trifluoromethyl; and the purification is effected using a compound of 
formula (IVci) : 



NH 2 -W-Linker — ~(sp) 

(IVci) 

where W is selected from C M . alkyl or C 7 _ 15 aryl, -NH-, -NH-CO- or-O- . 

8. A process according to any of claims 1 to 3 comprising the steps of: 
25 (a) contacting a solution-phase mixture of a radiolabeled product of formula (Hid) 
and excess precursor of formula (Id): 



vector _ 



vector 



(Id) 



(Hid) 



-19- 



10 



15 



where,n , he fcnchona, grou p -XV ,„ , he compound of formula (, d) , s an amine 
hydraz-ne, Hydraz.de . aminooxy . phenylhydra2ine> „ 
tNosermcarbaade group and R- i„ m e oompound of formula (l.,d) is 
=CH-Linker-F where the linker comprises an alkyi. aryl or polyethylene glycol 
component; a ' 

with a compound of formula (IVd): 




Z d -Linker 

(IVd) 

wherein Z* is selected from aldehydes or ketone; 

such that the compounds of formulae (IVd) and (id) may form a covalent bond to 
each other; and 

W separation of purified relabelled pro duct of formula (l.id) in me solution 



20 
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